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EHXVHGWRIXOILOOWKHVHREMHFWLYHV /DVHUFXWWLQJRIDOXPLQLXPVKHHWILQGVZLGHDSSOLFDWLRQVLQLQGXVWU\EHFDXVHRI
QHW VKDSLQJ ORZFRVW SUHFLVLRQRI RSHUDWLRQ IDVW SURFHVVLQJ DQG ORFDOL]HG PDFKLQLQJ ><LOEDV HW DO @ %XW
$OXPLQLXPDOOR\VDUHGLIILFXOWWRFXWE\DODVHU GXHWRWKHLURSWLFDODQGWKHUPDOSURSHUWLHVVXFKDVKLJKUHIOHFWLYLW\
DQG WKHUPDO FRQGXFWLYLW\ >3DQGH\ DQG 'XEH\ @2QH RI WKH SUREOHPV DULVHVLQ ODVHU FXWWLQJ RI $OXPLQLXP
DOOR\V LVWKHGHYHORSPHQWRI WKHKLJKWHPSHUDWXUHJUDGLHQWV QHDUWRWKHFXWHGJHVGXHWRWKHLUWKHUPDOSURSHUWLHV WKDW
FDXVHVIRUPDWLRQRIKLJK WHPSHUDWXUH ]RQH DQGWKHUPDO VWUHVVLQWKH FXW VHFWLRQ $QGDOVRWKH SUHVHQFHRIR[\JHQ
UHVXOWV LQKLJK WHPSHUDWXUHH[RWKHUPLF UHDFWLRQV WDNLQJSODFH LQ WKHFXWWLQJ VHFWLRQ WKDW LQFUHDVHV WKH WHPSHUDWXUH
DQG VWUHVVHV DW WKH FXW VHFWLRQ,QHUW JDVHVPD\EHXVHG WRSUHYHQW KLJK WHPSHUDWXUHR[LGDWLRQ UHDFWLRQV DW WKH FXUW
VHFWLRQ 7KH KLJK WHPSHUDWXUH DQG WKHUPDO VWUHVVHV GHYHORSHG DW WKH FXW VHFWLRQ XOWLPDWHO\ DIIHFW WKH FXW HGJH
TXDOLW\ &RQVHTXHQWO\ WKH DQDO\VLVRI WHPSHUDWXUHDQGWKHUPDOVWUHVV GHYHORSHGDW WKHFXWHGJHEHFRPHV QHFHVVDU\
3XOVHG 1G<$*ODVHUFXWWLQJEHFRPHVDQH[FHOOHQWFXWWLQJSURFHVVEHFDXVHRIKLJKODVHUEHDPLQWHQVLW\ORZPHDQ
EHDP SRZHU JRRG IRFXVLQJ FKDUDFWHULVWLFV DQG QDUURZ KHDW DIIHFWHG ]RQH +$= >'XEH\ DQG <DGDYD @
7KHUHKDVEHHQJURZLQJ LQWHUHVW LQ UHFHQW\HDUV LQ WKHXVHRISXOVHG1G<$*ODVHUV IRUSUHFLVLRQFXWWLQJRI WKLQ
VKHHW PHWDOV DQG IRU DSSOLFDWLRQV WKDW GHPDQG QDUURZ NHUI ZLGWKV DQG LQWULFDWH FXW SURILOHV 'XH WR LWV VKRUWHU
ZDYHOHQJWKPLQFRPSDULVRQWR&2 PLWLVUHIOHFWHGWRDOHVVHUH[WHQWE\PHWDOOLFVXUIDFHVDQGWKLV
KLJKDEVRUSWLYLW\RIWKH1G<$*ODVHUHQDEOHVFXWWLQJRIHYHQKLJKO\UHIOHFWLYHPDWHULDOVVXFKDVDOXPLQLXPDOOR\
ZLWK UHODWLYHO\ OHVV SRZHU >0D]XPGDU DQG0DQQD @ /DVHU %HDP &XWWLQJ XWLOL]HV WKH KLJK SRZHU GHQVLW\
SURYLGHGE\WKHODVHUEHDPZKLFKLVIRFXVHGRQWKHZRUNSLHFH$OVR WKHFXWWLQJVSHHGDQG SXOVHZLGWKKDYHEHHQ
IRXQG WKH VLJQLILFDQW FRQWURO IDFWRUV LQ ODVHU FXWWLQJ RI GLIILFXOWWRODVHUFXW $ODOOR\ >1RUNH\ HW DO @$V D
UHVXOW WKH ZRUN SLHFH PDWHULDO H[SHULHQFHV KHDWLQJ PHOWLQJ DQG SRVVLEOH YDSRUL]DWLRQ DQG UHVROLGLILFDWLRQ
8QGHUVWDQGLQJ WKH WHPSRUDOHYROXWLRQRI WKH WHPSHUDWXUH ILHOGGXULQJ ODVHUPDWHULDO LQWHUDFWLRQ LVRQHRI WKHPRVW
VLJQLILFDQWIDFWRUVLQDFKLHYLQJDGHVLUHGTXDOLW\RISURFHVVLQJ
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0DQ\ WKHRUHWLFDO VWXGLHV KDYH EHHQ FRQGXFWHG IRU GHWHUPLQLQJ WKH WHPSHUDWXUH DQG VWUHVV ILHOG GLVWULEXWLRQ LQ
ODVHUFXWWLQJRIGLIIHUHQWPDWHULDOV$QWKRQ\HWDO GLGWKHILUVWTXDQWLWDWLYHZRUNDQGSURSRVHGWKHWKHRU\DQG
PDWKHPDWLFDOPRGHOIRUWKHODVHUKHDWLQJDQGPHOWLQJZLWK*DXVVLDQSRZHUGLVWULEXWLRQDQGDFRQVWDQWPRYLQJ KHDW
VRXUFH7KH\FRUHODWHGWKHFRROLQJUDWHGLVWULEXWLRQDQGWKHGHSWKRIWKHPHOWLQJZLWKWKHVL]HYHORFLW\DQGSRZHU
OHYHO RI WKH VSRW &KDQ HW DO  FRQVLGHUHG D WZRGLPHQVLRQDO WUDQVLHQW PRGHO RI ODVHU PHOWLQJ ZKHUH WKH
PRYHPHQWRIWKHKHDWVRXUFHZDVWDNHQLQWRFRQVLGHUDWLRQE\FRRUGLQDWHWUDQVIRUPDWLRQ <LOEDV HWDO  KDYH
LQYHVWLJDWHG ODVHU VWUDLJKW FXWWLQJ RI ]LUFRQLD WLOHV XVLQJ ILQLWH HOHPHQW FRGHV 7KHLU PRGHO KDV VKRZQ WKDW WKH
WHPSHUDWXUHYDULDWLRQDORQJWKHZRUNSLHFHWKLFNQHVV LVJUDGXDOUHVXOWLQJLQDVPDOOWHPSHUDWXUHGLIIHUHQFHEHWZHHQ
WKHWRSDQGERWWRPVXUIDFHDORQJWKHFXWWLQJHGJH 9RQ0LVHVVWUHVVDWWDLQVKLJKYDOXHVLQWKHUHJLRQQHDUWKHFXWWLQJ
HGJH6KHQJ DQG -RVKL  KDYH GHYHORSHG D QXPHULFDO PRGHO WR HVWLPDWH KHDW DIIHFWHG ]RQH +$= LQ ODVHU
FXWWLQJRIVWDLQOHVVVWHHO 1\RQHWDO KDYH VLPXODWHGWKHODVHULQHUWJDVFXWWLQJRI,QFRQHODQGFRQFOXGHG
WKDWWKHWHPSHUDWXUHULVHVVKDUSO\LQWKHUHJLRQFORVHWRWKHODVHUKHDWVRXUFH
<LOEDVHWDO  XVHG)(0WRSUHGLFWWHPSHUDWXUHDQGVWUHVVILHOGVGXULQJWKHODVHUFXWWLQJRIPPWKLFNPLOG
VWHHOVKHHWE\QHJOHFWLQJWKHUHIOHFWLRQRIODVHUEHDPIURPFXWHGJHVXUIDFHDQGPRYLQJKHDWVRXUFH,WZDVIRXQG
WKDWWHPSHUDWXUHUHPDLQVKLJKDWWKHVKDUSHGJHZKHQWKHODVHUEHDPZDVORFDWHGLQWKLVUHJLRQ7KH\DOVRIRXQGWKH
UHVLGXDO VWUHVVRI03DDW WKH VKDUSFRUQHUVDQGPD[LPXPYRQ0LVHV VWUHVVRI03DDZD\ IURP WKH VKDUS
FRUQHUV1LVDUHWDO  D GHYHORSHG'WUDQVLWLRQPRGHOWRGHWHUPLQHWKHWHPSHUDWXUHGLVWULEXWLRQZKLFKZDV
IXUWKHUXVHGDVDQLQSXWWRILQGWKHUPDOVWUHVVGXULQJWKHGLRGHFKLSIUHH ODVHUFXWWLQJRIJODVVVKHHW4LQHWDO 
GHYHORSHG DQ D[LV\PPHWULF PDWKHPDWLFDO PRGHO WR SUHGLFW WHPSHUDWXUH DQG WKHUPDO VWUHVV IRU WKH ORQJ SXOVHG
1G<$* ODVHU KHDWLQJ RI  $OXPLQLXP DOOR\ VKHHW E\ FRQVLGHULQJ *DXVVLDQ PRGH ODVHU EHDP 7KH UHVXOWV
LQGLFDWHGWKDWWKHSODVWLFGDPDJHRFFXUVLQWKHWRSOD\HURIWKHSODWHZKHUHWKHUHVLGXDOUDGLDOVWUHVVZDVWHQVLOHDQG
FRXOGHYHQUHDFK03DDSSUR[LPDWHO\ 1LVDUHWDOE DSSOLHG)(0WRVLPXODWHWKHWUDQVLHQWHIIHFWVRIWKH
PRYLQJEHDPDQGSUHGLFWWKHUPDOILHOGVDQGVWUHVVGLVWULEXWLRQV,WZDVVKRZQWKDWDQLQFUHDVHLQWKHWKLFNQHVVRIWKH
JODVVVKHHWIRUWKHVDPHSRZHUDQGFXWWLQJVSHHGRUDQLQFUHDVHLQWKHFXWWLQJVSHHGZLWKFRQVWDQWSRZHUDQGDJLYHQ
VKHHWWKLFNQHVVUHVXOWVLQVPDOOHUFXWSDWKGHYLDWLRQVDWWKHOHDGLQJDQGWUDLOLQJHGJHVRIWKHJODVVVKHHW
<LHWDO GHYHORSHG'WUDQVLHQWPRGHOLQDPELHQWGU\DLUDQGZDWHUXVLQJ)(0E\FRQVLGHULQJWKHUPR
PHFKDQLFDOSDUDPHWHUVZKLFKGHSHQGRQWHPSHUDWXUHDQGPRYLQJKHDWVRXUFH%DVHGRQWKHSURSRVHGPRGHOV WKH
WUDQVLHQWWHPSHUDWXUHILHOGVDQGUHVLGXDOVWUHVVGLVWULEXWLRQVRQZRUNSLHFHVZHUHLQYHVWLJDWHG7KHQXPHULFDOUHVXOWV
VXJJHVWHGWKDWWKHVWDWHVRIWHPSHUDWXUHDQGUHVLGXDOVWUHVVILHOGVFRXOGEHLPSURYHGWRGLIIHUHQWGHJUHHVXVLQJZDWHU
ILOPDQGZDWHUDPELHQW 0HOKHPHWDO GHYHORSHG'PDWKHPDWLFDOPRGHOWRDQDO\]HWKHIORZILHOGLQWKH
NHUIDQGLWVVXUURXQGLQJDQGKHDWWUDQVIHUUDWHVIURPWKHNHUIZDOOXVLQJWKHFRQWUROYROXPHDSSURDFK7KH\IRXQG
WKDWMHWH[SDQVLRQIURPWKHQR]]OHDFFHOHUDWHVWKHIORZDQGWKHSUHVHQFHRIWKHNHUIUHGXFHVWKHIORZDFFHOHUDWLRQDW
WKHNHUILQOHW7KHWKHUPDOVWUHVVHVGHYHORSHGLQWKHFXWWLQJVHFWLRQKDGEHHQPRGHOHGE\<LOEDVHWDO  XVLQJ
ILQLWH HOHPHQW VRIWZDUH $%$486 7KH\ IRXQG WKDW WKH KLJK FRQGXFWLYLW\ RI EURQ]H LQFUHDVHV WKH FRROLQJ UDWHV
ZLWKLQ WKH FXWWLQJ VHFWLRQ ZKLFK LQIOXHQFHV WKH WKHUPDO VWUHVV ILHOG LQ WKH FXWWLQJ UHJLRQ 7KH UHVLGXDO VWUHVV
SUHGLFWHGZDV LQRUGHURI03DZLWKLQ WKHYLFLQLW\RI WKHKROHFLUFXPIHUHQFH +XHWDO  GHYHORSHG'
D[LDOV\PPHWULFDOPRGHORIODVHUFXWWLQJDQGIXUWKHUDSSOLHG)(0EDVHGQXPHULFDOVLPXODWLRQWRLQYHVWLJDWHWKHIORZ
ILHOGRIVKLHOGJDV LQFXWWLQJ VORWV6FLQWLOODDQG7ULFDULFR GHYHORSHG'VHPLVWDWLRQDU\ WKHUPDOPRGHO WR
SUHGLFWDYHUDJHFXWWLQJ WHPSHUDWXUH LQ+$=DQGFRQGXFWLRQ ORVVHV IRU LQHUWJDV IXVLRQ FXWWLQJRI DQGPP
WKLFN0Q&U9 VKHHW0RGHOZDVYDOLGDWHGE\H[SHULPHQWDOGDWD7KHFRQGXFWLRQORVVHVHVWLPDWLRQZDVXVHGIRU
MXVWLI\LQJWKHORZHUTXDOLW\RIGLVNODVHUFXWVGXHWRWKHORZHUDYHUDJHFXWIURQWWHPSHUDWXUH$JRRGDJUHHPHQWZDV
IRXQGIRUDOOWKHWHVWFDVHVFRQVLGHUHG
<DQHWDO  GHYHORSHG'ILQLWHHOHPHQWPRGHOWRVLPXODWHWHPSHUDWXUHILHOGDQGWKHUPDOVWUHVVGLVWULEXWLRQ
IRUFUDFNIUHH ODVHUFXWWLQJRI WKLFNVHFWLRQDOXPLQD7KH\ IRXQG WKDW WKHVXIILFLHQWFRROLQJHIIHFWGXULQJ ODVHURII
SHULRGVZDVFUXFLDOWRGHYHORSDORZWKHUPDOVWUHVVGLVWULEXWLRQGXULQJODVHUFXWWLQJE\ZKLFKWKHFUDFNIUHHFXWWLQJ
FRXOG EH DFKLHYHG 6KXMD DQG <LOEDV  XVHG )(0 WR SUHGLFW WKH WHPSHUDWXUH DQG VWUHVV GLVWULEXWLRQ LQ WKH
LUUDGLDWHG UHJLRQE\ DVVXPLQJ ODVHU VFDQQLQJ VSHHG FRQVWDQW DQG WKHUPDOSURSHUWLHV DUH WHPSHUDWXUHGHSHQGHQW ,W
ZDVIRXQG WKDW WZR WHPSHUDWXUHSHDNVZHUH IRUPHGDORQJ WKH[D[LV7KHILUVW WHPSHUDWXUHSHDNKDGKLJKHUYDOXH
WKDQ WKH VHFRQG SHDN /LVW HW DO  GHYHORSHG D VWUHDP OLQHPRGHO WR LQYHVWLJDWH WKH GLVWULEXWLRQ RI YHORFLW\
GXULQJWKHYHU\KLJKVSHHGODVHUFXWWLQJRIPLOGVWHHOVKHHW$)(0EDVHGRQD/DJUDQJLDQIRUPXODWLRQKDGEHHQ
XVHGWRFRUURERUDWHWKHFRQFOXVLRQRIWKHVWUHDPOLQHPRGHODQGLWZDVIRXQGWKDWWKHVLPXODWLRQUHVXOWV ZHUH
VLPLODUWRWKHH[SHULPHQWDO REVHUYDWLRQVZLWKUHJDUGVWRWKHPDJQLWXGHRIWKHHTXLYDOHQWVWUDLQUDWHDQG
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FXPXODWLYHSODVWLFVWUDLQEXWVOLJKWO\GLIIHULQWKHJHRPHWU\RIIORZSDWWHUQ
7KH UHYLHZ RI OLWHUDWXUH VKRZV WKDW PRVW RI WKH WKHRUHWLFDO VWXGLHV DUH EDVHG RQ QXPHULFDO VROXWLRQ 7KH
UHVHDUFKHUV KDYH PDGH GLIIHUHQW DVVXPSWLRQV UHODWHG WR WKH PDWHULDO SURSHUWLHV EXW WKH PRGH RI KHDW WUDQVIHU LV
OLPLWHG WRFRQGXFWLRQRQO\ 7KHHIIHFW RIFRQYHFWLYHDVZHOODV UDGLDWLYHKHDW WUDQVIHUKDVQRWEHHQ FRQVLGHUHG ,Q
WKHLU VWXGLHV UHVHDUFKHUVKDYHFRQVLGHUHGKRPRJHQHRXVDQG LVRWURSLFFKDUDFWHULVWLFVRIPDWHULDO$OVR UDUHO\DQ\
UHVHDUFKHUKDVLQFRUSRUDWHGWKHHIIHFWRIUHIOHFWLYLW\DEVRUSWLYLW\RIPDWHULDOVGXULQJWKHLU DQDO\VLV 2QO\ IHZSDSHUV
KDYHEHHQIRXQG UHODWHG WRWKHQXPHULFDOVLPXODWLRQRIODVHUFXWWLQJRI$OXPLQLXPDOOR\VKHHW 7KHREMHFWLYHRIWKLV
VWXG\LVWRGHYHORSDILQLWHHOHPHQWEDVHGFRPSXWDWLRQDOPRGHOXVLQJ$16<6ILQLWHHOHPHQWFRGHWRGHWHUPLQHWKH
VSDWLDOWHPSHUDWXUHGLVWULEXWLRQKLVWRU\DQGUHVLGXDOVWUHVVHV E\LQFRUSRUDWLQJ UHIOHFWLYLW\DEVRUSWLYLW\ RI$OXPLQLXP
DOOR\V7KHPRGHOLVEDVHGRQDWUDQVLHQWKHDWWUDQVIHUHTXDWLRQDORQJZLWKKHDWORVVHVE\FRQYHFWLRQ$OVR WKHHIIHFW
RI FKDQJHV LQ YHORFLW\ DQG SHDN SRZHU LQWHQVLWLHV RQ WKH WHPSHUDWXUH GLVWULEXWLRQ LV VKRZQ XWLOL]LQJ WKH ILQLWH
HOHPHQW EDVHGPRGHO
 7KHRU\DQG0DWKHPDWLFDO)RUPXODWLRQ
$VWKHODVHUEHDPLVIRFXVHGRQWKHZRUNSLHFHVRPHRIWKHODVHUHQHUJ\LV DEVRUEHGE\WKHPDWHULDOZKLOHWKH
UHVWLVUHIOHFWHG7KHDEVRUEHGODVHUHQHUJ\LVWKHQFRQGXFWHGLQWRWKHPDWHULDODQGLVORVWDVKHDWWKURXJKFRQYHFWLRQ
IURP WKH VXUIDFH 7KH HIILFLHQF\ RI ODVHU HQHUJ\ DEVRUEHG E\ WKH PDWHULDO GHSHQGV RQ WKH WKHUPDO DQG RSWLFDO
SURSHUWLHVRIWKHPDWHULDODVZHOODVWKHZDYHOHQJWKRIWKHODVHUEHDPLWVSRODUL]DWLRQDQGWKHWHPSHUDWXUHRIWKH
ZRUNSLHFH )ROORZLQJ DVVXPSWLRQV KDYHEHHQPDGH LQWKHDQDO\VLVRIWKHODVHUFXWWLQJ
 7KHPDWHULDOLVLVRWURSLFDQGRSDTXH
 7KH VSDWLDOGLVWULEXWLRQRIWKHODVHUEHDPLVLQ*DXVVLDQDW7(0 PRGH
 (IIHFWRIYDSRUL]DWLRQLVLJQRUHGDVWKHPROWHQPDWHULDOLVUHPRYHGLPPHGLDWHO\IURPWKHZRUNSLHFHE\DQ
DVVLVWJDVSUHVVXUH
 7KH WKHUPDOKLVWRU\RI WKHKHDWDIIHFWHG]RQH LVGHWHUPLQHG E\ WKHHIIHFWVRIFRQGXFWLRQDQGFRQYHFWLRQ
RQO\ LH WKH HIIHFWV RI UDGLDWLRQ DUH LJQRUHG0RUHRYHU WKH FRHIILFLHQW RI FRQYHFWLRQEHWZHHQ WKHZRUN
SLHFHDQGWKHHQYLURQPHQWLVDVVXPHGWREHDFRQVWDQW
 (IIHFWRIFRROLQJGXHWRDVVLVWLQJJDVLVLJQRUHG
0RGHOLQJRI+HDW6RXUFH
0RGHOLQJKHDW VRXUFH LV WKHPRVW LPSRUWDQWSDUW LQ WKHDQDO\VLVRI ODVHUFXWWLQJSURFHVV9DULRXVEHDPVKDSHV
LQFOXGLQJ*DXVVLDQFLUFXODUUHFWDQJXODUHWFFDQEHREWDLQHGE\XVLQJWKHEHDPVKDSLQJPHWKRGIRUGLIIHUHQWNLQGV
RI DSSOLFDWLRQV LQ ODVHUPDWHULDO SURFHVVLQJ$PRQJ WKHVH WKH*DXVVLDQ HQHUJ\GLVWULEXWLRQ LV WKHPRVW SUHIHUUHG
PRGHIRUODVHUFXWWLQJEHFDXVHDYHU\VPDOOGLDPHWHUFDQEHIRFXVHGUHVXOWLQJLQDKLJKHUSRZHUGHQVLW\>%DKRWUH
DQG+DULPNDU @ 7KH*DXVVLDQSURILOH RI ODVHU EHDP LV VKRZQ LQ)LJ  7KH ODVHU EHDP LQWHQVLW\ZKLFK LV
LQFLGHQWRQWKHVXUIDFHRIWKHPDWHULDOLVJLYHQE\WKHH[SUHVVLRQDVIROORZV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7DEOH /DVHUFXWWLQJSDUDPHWHUVVHOHFWHGIRUDQDO\VLV>'XEH\ HWDO@
3DUDPHWHUV 1XPHULFDOYDOXHV
/DVHU3RZHUN: 
$EVRUSWLRQFRHIILFLHQWFP 
%HDPUDGLXVPP  u 
&RQYHFWLYHKHDWWUDQVIHUFRHIILFLHQW:P. 
3XOVHGXUDWLRQPV 
3XOVHIUHTXHQF\+] 
7RVROYHWKHDERYHJRYHUQLQJHTXDWLRQWKHERXQGDU\DQGLQLWLDO
FRQGLWLRQV DUH DVIROORZV
 7KHLQLWLDOFRQGLWLRQ 
   7\[7  IRU '\[  
7KHHVVHQWLDOERXQGDU\ FRQGLWLRQ   7W\7   
RQWKHERXQGDU\ 6 IRU \  6 DQG W!7KLVFRQGLWLRQ
SUHVFULEHVQRGDO WHPSHUDWXUHVDWWKHIORZLQOHW6UHSUHVHQWVWKH
LQOHWVXUIDFH
 7KHQDWXUDOERXQGDU\FRQGLWLRQ   77KT H[W    )LJ *DXVVLDQ GLVWULEXWLRQRIODVHUEHDP
RQWKHERXQGDU\ 6IRU[\  6DQG W ! 6 UHSUHVHQWVWKRVHVXUIDFHVWKDWDUHVXEMHFWWRFRQYHFWLRQ DQG LPSRVHG
KHDW IOX[HV
7KHUPDO6WUHVV$QDO\VLV
$V WKH ODVHU EHDPPRYHV DORQJ WKH VXUIDFHRI WKH DOXPLQLXPDOOR\ VKHHW WKH KHDWHG ]RQH FRROV GRZQGXH WR
UDGLDOKHDWFRQGXFWLRQDQGFRQYHFWLRQIURPWKHVXUIDFHVWKXVWKHUPDOVWUHVVDUHGHYHORSHGGXHWRWKHUDSLGFRROLQJ
7KHWKHUPDOVWUHVVFDXVHGE\WKHWHPSHUDWXUHGLIIHUHQFHǻ7LVZULWWHQDV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:KHUH
  VVV DUHWKHWKUHHSULQFLSDOVWUHVVHVIURPDQ\SRLQWLQWKH[\RU]GLUHFWLRQVRIWKHSULQFLSDOD[LV
 )LQLWH(OHPHQW )RUPXODWLRQV
,Q WKH DQDO\VLV WHPSHUDWXUH GHSHQGHQW WKHUPDO DQG PHFKDQLFDO SURSHUWLHV KDYH EHHQ FRQVLGHUHG DQG FXWWLQJ
SDUDPHWHUVXVHGDUHVKRZQLQWKH7DEOH0DWKHPDWLFDOVROXWLRQVDUHDOVRREWDLQHGXVLQJ0$7/$%FRGHV)ORZ
FKDUWIRUWKHVLPXODWLRQSURFHVVLVVKRZQLQILJ D *OREDOHTXDWLRQ IRUWKHUPDODQDO\VLVLVREWDLQHGXVLQJILQLWH
HOHPHQWIRUPXODWLRQDV
  ^ `   ^ ` ^ `  ^ `& 7 7 . 7 7 9 4 7   ª º ª º¬ ¼ ¬ ¼ 
*OREDOHTXDWLRQIRUPHFKDQLFDODQDO\VLVLVREWDLQHGXVLQJILQLWHHOHPHQWIRUPXODWLRQDV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 )LQLWH(OHPHQW6LPXODWLRQ
)LQLWHHOHPHQWVLPXODWLRQV KDYH EHHQ SHUIRUPHGXVLQJWKHFXWWLQJSDUDPHWHUVVKRZQLQ7DEOH7KHODVHUEHDP
WUDYHOVDORQJWKH[D[LVLH WKHV\PPHWULFDOD[LVRIWKHDOXPLQLXPDOOR\ZRUNSLHFH DOVRRQO\KDOIRIWKHZRUN
SLHFH LV PRGHOOHG LQ RUGHU WR UHGXFH WKH FRPSXWDWLRQDO WLPH7KH HIIHFW RIPHFKDQLFDO GHIRUPDWLRQ RQ KHDW IORZ
GXULQJODVHUFXWWLQJ KDV EHHQ FRQVLGHUHGLQVLJQLILFDQWDVLWLVQHJOLJLEOH
D E
F
)LJ  D)ORZ&KDUWIRU6LPXODWLRQ E6+(// (OHPHQW>$16<6@F')LQLWH(OHPHQW*HRPHWU\DQG0HVK
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7KHUHIRUH D VHTXHQWLDOO\ FRXSOHG SK\VLFV DQDO\VLV XVLQJ $16<6 KDV SHUIRUPHG WR GHWHUPLQH WKH WHPSHUDWXUH
GLVWULEXWLRQ DQG WKH UHVXOWLQJ WKHUPDO VWUHVV LQ WKHZRUNSLHFH7KHRXWSXWV RI WKH WKHUPDO DQDO\VLV DUH WUHDWHG DV
LQSXWIRUWKHPHFKDQLFDODQDO\VLVXVLQJ$16<63DUDPHWHU'HVLJQ/DQJXDJH$3'/SURJUDPPLQJODQJXDJH%RWK
DQDO\VHVKDYHEHHQSHUIRUPHGZLWKWKHVDPHPHVKEXWGLIIHUHQWHOHPHQWW\SHV
 0HVK*HQHUDWLRQ
7KHUPDOHOHPHQW6+(// >$16<6@ LVXVHGLQWKHWUDQVLHQWWKHUPDODQDO\VLVZKHUHDVDQHTXLYDOHQW
VWUXFWXUDOHOHPHQW6+(// >$16<6@ LV DGRSWHGLQWKHPHFKDQLFDODQDO\VLV$GHWDLOHGGHVFULSWLRQRIWKH
HOHPHQWVDQGWKHPHVKDUHVKRZQ LQWKH ILJE	ILJF
 5HVXOWVDQG'LVFXVVLRQ
7KH QXPHULFDO VLPXODWLRQ KDV EHHQ XVHG IRU UHOLDEOH SUHGLFWLRQ RI WHPSHUDWXUH DQG VWUHVV GLVWULEXWLRQ WR WKH
1G<$*SXOVHGODVHUFXWWLQJRIDQDOXPLQXPDOOR\XVLQJWKHFXWWLQJSDUDPHWHUVDVVKRZQLQ7DEOH7DEOHVKRZV
WKHWKHUPR PHFKDQLFDOSURSHUWLHV IRUDQDOXPLQLXPDOOR\ XVHGLQWKHVLPXODWLRQ
7DEOH D7KHUPDOSURSHUWLHVRI $OXPLQLXP$OOR\  E0HFKDQLFDO3URSHUWLHVRI $OXPLQLXP $OOR\ 
 7HPSHUDWXUH'LVWULEXWLRQ
D E
7HPS
R&
7KHUPDO
&RQGXFWLYLW\
:P R&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F G
)LJ  7HPSHUDWXUH'LVWULEXWLRQDORQJFXWWLQJHGJHDWDW VHFEW VHFFW VHFGW VHF
,WFDQEHVHHQIURPWKHILJ WKDWWKH PD[LPXP WHPSHUDWXUH LVREWDLQHGDWWKHFHQWUHRIIRFXVLQJVSRWRQWKHZRUNSLHFH
$VWKHGLVWDQFHIURPWKLVSRLQWLQFUHDVHVWKHWHPSHUDWXUHRQWKHVXUIDFHGHFUHDVHV$WWKHIRFXVHGVSRWWKHWHPSHUDWXUH
UHDFKHV WR WKHPHOWLQJWHPSHUDWXUHRIPDWHULDO 7KLVLVSDUWLFXODUO\WUXH LQWKHUHJLRQRIWKHODVHULUUDGLDWHGVSRWZKHUH
WKHODVHULQWHQVLW\ LVPD[LPXP&RQVHTXHQWO\ WHPSHUDWXUHGLIIHUHQFHEHWZHHQWKHODVHU LUUDGLDWHGVSRWDQGLWVIURQWDO
QHLJKERXUKRRG EHFRPHVFRQVLGHUDEO\ODUJH,WVKRXOGEHQRWHGWKDWWKHODVHUEHDPPRYHV DWDFRQVWDQWVSHHGDORQJWKH
SODWHVXUIDFHGXULQJWKHFXWWLQJSURFHVVWKHUHIRUHWKHIURQWDOUHJLRQRIWKHODVHULUUDGLDWHGVSRWFRUUHVSRQGVWR D UHJLRQ
SULRU WRFXWWLQJLH XQFXWPDWHULDOZKLFK LVDW WKH LQLWLDO WHPSHUDWXUH$V WKH ODVHUEHDPLV IRFXVHGRQDVSRWRI WKH
ZRUNSLHFHWHPSHUDWXUHDWLWVIURQWDOUHJLRQLVDOVRLQFUHDVHGEHFDXVHRIWKHFRQGXFWLRQRIWKHKHDWDORQJWKHVXUIDFHRI
WKH DOXPLQLXPDOOR\SODWH+RZHYHU DV WKH FXWWLQJSURJUHVVHV WHPSHUDWXUHEHKLQG WKH ODVHU LUUDGLDWHG VSRW DORQJ WKH
VXUIDFH LV UHGXFHG 7KLV LV EHFDXVH RI WKH KLJK WKHUPDO FRQGXFWLYLW\ RI DOXPLQLXP DOOR\ ZKLFK LQFUHDVHV WKH KHDW
FRQGXFWLRQ IURP WKHKHDWHG UHJLRQ WR WKH VROLGEXON$OVR WKH WKHUPDO FRQGXFWLYLW\RI WKH DOXPLQLXPDOOR\ LQFUHDVHV
ZLWKWKHWHPSHUDWXUH DVGHSLFWHGLQ7DEOHWKXVUHVXOWLQJLQKLJKWKHUPDOJUDGLHQWDWWKHVXUIDFHRIZRUNSLHFH
D E
)LJ D &RPSDULVRQ RIDQDO\WLFDOUHVXOWZLWKPDWKHPDWLFDOUHVXOWRI7HPSHUDWXUH 'LVWULEXWLRQE 7LPH7HPSHUDWXUH'LVWULEXWLRQ
$JDLQLWLVHYLGHQWIURP ILJ  WKDWWKHWKHUPDOJUDGLHQWREWDLQHGDWWKHVXUIDFHRIWKHDOXPLQLXPDOOR\SODWHLVKLJK
ZKLFKUHVXOWVLQKLJKWKHUPDOVWUHVVHV$OVRWLPHWHPSHUDWXUHSORWIRUWKHODVHUEHDPFXWWLQJRIDOXPLQLXPDOOR\KDV
EHHQ VKRZQ LQ WKH ILJ  +HDWLQJ DQG FRROLQJ F\FOH DUH VKRZQ LQ WKH SORW LW FDQ EH VHHQ WKDW WKH WHPSHUDWXUH
LQFUHDVHV WR D PD[LPXP DW LQLWLDO WLPH VWHS WKLV LV WKH WLPH ZKHQ WKH ODVHU EHDP LV IRFXVHG RQ D VSRW RQ WKH
DOXPLQLXPDOOR\ZRUNSLHFH UHSUHVHQWLQJ WKHKHDWLQJF\FOHDQGDV ODVHUEHDPSURSDJDWHVDORQJ WKH VXUIDFHDW WKH
ORFDWLRQEHKLQGLUUDGLDWHG VSRW WHPSHUDWXUH VWDUWVUHGXFLQJWKXVUHSUHVHQWLQJ WKHFRROLQJF\FOH
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 (IIHFWRI/DVHU6FDQQLQJ9HORFLW\RQ7HPSHUDWXUH'LVWULEXWLRQ
D E
)LJ  7HPSHUDWXUH'LVWULEXWLRQDWGLIIHUHQWVFDQQLQJYHORFLW\ D PV  E PV
$V LW LV HYLGHQW IURP WKH ILJ  WKDW DV WKH VFDQQLQJ YHORFLW\ GXULQJ WKH ODVHU FXWWLQJ LV LQFUHDVHG WKHPD[LPXP
WHPSHUDWXUH LV UHGXFHGIURP.DWY PVWR.DWY PVLHDOPRVWKDOIUHGXFWLRQ$OVRFKDQJHVLQ
YHORFLW\ DIIHFW WKH WHPSHUDWXUH GLVWULEXWLRQ DORQJ WKH VXUIDFH 7KLV PD\ EH GXH WR OHVV DPRXQW RI ODVHU HQHUJ\
DEVRUSWLRQRQWKHVXUIDFHRIDOXPLQLXPDOOR\DVWKHWLPHIRUODVHUPDWHULDOLQWHUDFWLRQLVUHGXFHGDQGDOVRWKHKLJK
UHIOHFWLYLW\RIDOXPLQLXPVXUIDFHFDXVHV IXUWKHU UHGXFWLRQ LQWHPSHUDWXUH
 6WUHVV'LVWULEXWLRQ
)LJ  9RQ 0LVHVVWUHVVGLVWULEXWLRQ
)LJ  VKRZVWKH9RQ 0LVHV VWUHVVGLVWULEXWLRQDORQJWKHVXUIDFHRIWKHSODWHDWDSDUWLFXODUWLPH VWHS,WLVHYLGHQW
WKDWWKH9RQ 0LVHVVWUHVVFRQWRXUVDWWDLQVLJQLILFDQWO\KLJKYDOXHVDWORFDWLRQVZKHUHWKHODVHUEHDPLVIRFXVHGDORQJ
HGJH $VHGJHVDUHQRWIUHHWRH[SDQGKLJKWKHUPDOVWUDLQLVREWDLQHGDWWKHHGJHVZKLFKILQDOO\UHVXOWVKLJKWKHUPDO
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